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Abstract of JP 2167222 (A) 

PURPOSE: To obtain a uniform protein spherule by adding a carbodiimide to an emulsion comprising 
an organic solvent phase containing a surfactant and an aqueous liquid phase containing a protein to 
activate cross-linking. CONSTITUTION: An emulsion comprising a continuous phase composed of a 
surfactant (e.g. sorbitan ester)-containing organic solvent, preferably a 5-1 0C aliphatic hydrocarbon or a 
5-8C cyclic aliphatic hydrocarbon and a discontinuous phase composed of a hydrophilic liquid phase 
containing at least one protein is prepared. The emulsion is mixed with a carbodiimide, preferably 1- 
ethyl-3-(3- dimethylaminopropy!)carbodiimide and cross-linking is activated to form precipitate of 
spherule. The precipitate is separated and cleaned to give a protein spherule. When a mixture of an 
aqueous phase and an organic solvent (e.g. dimethylformamide) to be mixed with water is used as the 
discontinuous liquid phase, a water-insoluble product such as a capsulated medicine can be produced. 
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Cited Document 3 



(Partial Translation) 



METHOD FOR PRODUCING MICROSPHERES BY CROSSLINKING PROTEINS, THE 



1. A method for producing protein microspheres by crosslinking in an emulsion, 

1 0 comprising the steps of preparing an emulsion which comprises a continuous phase 

comprising an organic solvent supplemented with a surfactant and a discontinuous phase 
comprising a hydrophilic liquid phase containing at least one type of protein by stirring; 
activating crosslinking by adding a carbodiimide to the obtained emulsion; obtaining a 
precipitate of the microspheres; and separating and washing the aforementioned 

1 5 precipitate. 

2. The method of claim 1, wherein the surfactant added to the continuous phase is a 
sorbitan ester. 

20 3. The method of claim 1 or 2, wherein the discontinuous phase is an aqueous phase. 

4. The method of claim 3, wherein the aqueous phase is buffered at a defined pH. 

5. The method of claim 1 or 2, wherein the discontinuous phase is a mixture of an 
25 aqueous phase and an organic solvent which may be water-miscible. 

6. The method of claim 5, wherein the organic solvent is dimethylformamide. 

7. The method of any one of claims 3 to 6, wherein a product to be encapsulated is 
30 dissolved in the discontinuous phase. 

8. The method of any one of claims 1 to 7, wherein a reducing agent is added to the 
discontinuous phase. 



5 



OBTAINED MICROSPHERES, AND USE THEREOF 



CLAIMS 



35 



9. The method of any one of claims 1 to 8, wherein a solvent constituting the continuous 
phase is a solvent immiscible with the discontinuous phase. 



2 



10. The method of claim 9, wherein the solvent constituting the continuous phase is an 
aliphatic C5.10 hydrocarbon, or a cycloaliphatic C^s hydrocarbon. 

5 11. The method of claim 10, wherein the solvent constituting the continuous phase is 
cyclohexane. 

12. The method of claim 9, wherein the solvent constituting the continuous phase is 
polysiloxane. 

10 

13. The method of any one of claims 1 to 12, wherein the carbodiimide is represented by 
the structural formula: 

R-N=C=N-R' 

(wherein R and R* are the same or different and represent H, a branched or unbranched 
15 aliphatic Cj-C l0 group, a cycloaliphatic group containing or not containing a heteroatom, 
or an aromatic group, and these groups may have one or more acidic or basic substituents). 

14. The method of claim 13, wherein the carbodiimide is 
l-ethyl-3-(3-dtaethylammopropyl)carbodiimide. 

20 

15. The method of any one of claims 1 to 14, wherein a catalyst is introduced in addition 
to an activator. 

16. The method of claim 15, wherein the catalyst is a succinimide. 

25 

17. The method of claim 16, wherein the catalyst is iV-bydroxysuccinimide. 

18. The method of any one of claims 1 to 17, comprising washing the microsphere 
precipitate using either water or buffer, or washing the microsphere precipitate in two steps 

30 wherein the first step comprises washing at least once with water, and the next step is 
washing with an anhydrous solvent. 

19. The method of claim 18, wherein the anhydrous solvent is ethyl alcohol. 

35 20. The method of any one of claims 1 to 19, wherein at least one active substance is 
incorporated into the microsphere. 
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21. The method of claim 20, wherein the incorporation of an active substance into the 
microsphere is carried out after the crosslinking process by soaking said microsphere into a 
solution containing the active substance to be incorporated. 

5 

22. The method of claim 20, wherein the incorporation of an active substance into the 
microsphere is accomplished when producing the microsphere. 

23. A microsphere of one or more types of proteins forming isopeptide-type crosslinks, 
10 which is obtained by the method of any one of claims 1 to 19. 

24. A microsphere of one or more types of proteins forming isopeptide-type crosslinks, 
which is obtained by the method of any one of claims 20 to 22. 

1 5 25. Use of the microsphere of claim 23 as a diluent or a fluidization agent in a 
composition that can be administered orally and in a dry pharmaceutical form. 

26. Use of the microsphere of claim 24 for inclusion of a compound having 
pharmaceutical, cosmetic, or biological activity. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to methods for producing microspheres and uses of the 
obtained microspheres. 

25 Proteins have been widely used for the production of microspheres or microcapsules. 

The obtained microspheres or microcapsules are being used particularly in pharmaceutical agents 

as excipients, for example, for introducing drugs into specific organs or for preparing 

controlled-release drugs. 

Crosslinking methods for microspheres or microcapsules in an emulsion are known, and 
30 according to them, the protein is crosslinked using a bifunctional reactant such as glutaraldehyde 

or an acid dichloride. In these methods, the bifunctional reactant remains within the 

crosslinked proteins to form a bridge. These methods have the disadvantage that they introduce 

an artificial spacer between the proteins. 

Furthermore, reactions between carboxyl groups and amino groups are known to be 
35 activated by carbodiimide and (or) succinimide derivatives. These compounds have been 

proposed particularly for activating crosslinking between proteins by reactions between the 
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carboxyl groups and free amino groups of proteins. In this case, a direct isopeptide-type bridge 
is formed. This type of linkage has been described in International Application No. WO 
85/04413 relating to production of collagen-based crosslinked matrices in sponge or sheet form. 
In this method, the operation is done in the aqueous phase, collagen is made to come in contact 
5 with a carbodiimide and (or) a bifunctional succinimidyl ester, and then this mixture is heated to 
a high temperature to obtain the collagen-based crosslinked matrix. According to the French 
Patent Application No. A 2,280,352, a toxic protein was crosslinked in the presence of a 
carbodiimide in a buffered aqueous medium containing inactive particles of polystyrene latex, 
subsequently this mixture was heated or left to stand at room temperature to obtain a crosslinked 

1 0 protein absorbed on polystyrene latex. 

In none the above-mentioned documents is the reaction performed in the form of an 
emulsion, and in none of them are homogeneous microspheres obtained. 

According to the present description, the inventors discovered that microspheres can be 
prepared from proteins by formation of direct isopeptide-type bridge through an emulsification 

15 method in the presence of a carbodiimide as an activating agent. An advantage of such a 

microsphere is that the biologically harmful or stimulatory reactant to be released and the protein 
are not covalently bonded. Therefore, the present invention avoids the disadvantage present in 
the conventional technology which is the inevitable presence of spacers between the proteins. 

Therefore, the present invention relates to methods for producing protein microspheres 

20 through crosslinking in an emulsion, comprising the steps of preparing an emulsion which 

comprises a continuous phase comprising an organic solvent supplemented with a surfactant and 
a discontinuous phase comprising a hydrophilic liquid phase containing at least one type of 
protein by stirring; activating crosslinking of proteins by adding a carbodiimide to the 
aforementioned emulsion; obtaining a precipitate of the microspheres; and separating and 

25 washing the aforementioned precipitate. 

The surfactant added to the continuous phase is soluble in this phase and orients the 
emulsified substance so that the hydrophilic phase is dispersed in the organic phase. This 
surfactant may be, for example, a sorbitan ester. 

According to a first embodiment, the discontinuous liquid phase is an aqueous phase, 

30 and in such case, the protein and carbodiimide are dissolved in the aqueous phase. The aqueous 
phase is preferably a buffer solution at a defined pH. A water-soluble product to be 
encapsulated is dissolved in this aqueous phase when appropriate. Solubilizers which enable 
solubilization of an active substance may be added when appropriate. 

According to a second embodiment, the discontinuous liquid phase is a mixture of an 

35 aqueous phase and a water-miscible organic solvent. The latter is preferably 

dimethylformamide (DMF). In fact, DMF can solubilize molecules which are insoluble in 
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water through its high solvent power, and enables encapsulation of water-insoluble products such 
as drugs. This way, a product to be encapsulated can be dissolved in a mixture containing such 
an organic solvent. Addition of a reducing agent such as dithioerythritol to the discontinuous 
phase improves the yield. 
5 The protein used to form the microspheres may be any protein that can form 

peptide-type bridges. Mixtures of different proteins may also be used. Examples of 
these proteins include human-, animal-, or plant-derived proteins such as enzymes, carrier 
proteins (hemoglobin or serum albumin), nutrient proteins (ovalbumin or casein), 
structural proteins (keratin, collagen of type I, II, III or IV or gelatin), certain defense or 

10 antibody proteins or immunoregulatory proteins, and various other proteins such as toxins, 
membrane receptors or hormones. Especially, serum-albumin and lysozyme are used. 
These bridges are of the isopeptide type and are obtained by reaction of NH 2 groups with COOH 
groups of proteins. The SH or OH groups can also form bridges with the COOH groups. 
The solvent which constitutes the continuous phase is a hydrophobic solvent or a 

1 5 mixture of hydrophobic solvents, which is immiscible with the discontinuous phase. In 

particular, an aliphatic C5-C10 hydrocarbon or a eye lo aliphatic C 5 -C 8 hydrocarbon is used, and 
more especially cyclohexane is used. Polysiloxanes, such as hexamethyldisiloxane or paper 
clay, or polymethylsiloxanes and polydimethylcyclosiloxanes which are fluid may also be used. 
The carbodiimide used as a crosslinking reaction activator is represented by the 

20 structural formula: 

R-N=C=N-R' 

(wherein, R and R' are identical or different and represent H, a branched or unbranched aliphatic 
CpCio group, a cycloaliphatic group which may or may not contain a heteroatom, or an aromatic 
group). These groups can carry one or more acidic or basic substituents which enable 
25 solubilization of the reaction by-products. Especially, 

l-ethyl-3-(3-dimethylamlnopropyl)carbodiimide chloride, hereinafter referred to as EDCI HC1, 
is used. 

According to a preferred embodiment, a catalyst may be used in addition. to the 
carbodiimide serving as the activator. This catalyst is a succinimide, especially 
30 iV-hydroxy succinimide. The catalyst is introduced into the discontinuous phase together 
with the protein. When the crosslinking of proteins is carried out in the presence of a 
carbodiimide and A^-hydroxysuccinimide, the crosslinking reaction can be depicted as 
shown in Figure 1. This reaction shows clearly that the carbodiimide does not participate 
in the bridge formation, and that it is converted to a urea derivative which can 
35 subsequently be removed by simple washing. 

At the end of the reaction, a precipitate of microspheres is obtained, which can be 



6 



washed repeatedly with water to remove the by-products, for example the urea derived 
from the carbodiimide, or with an appropriate aqueous buffer, especially in the case where 
the microspheres contain an encapsulated medicament and one does not wish to extract 
this drug. 

5 

******* 

10 The diameter of the obtained microspheres may vary from 3 \xm to 1 mm. The size of 

the obtained microspheres depends on the speed of stirring and on the emulsifying system used. 
By using sonication, a high percentage of microspheres having a diameter of 10 urn or less may 
be obtained. It is also possible to obtain microspheres of small diameter by introducing a 
suitable stabilizing agent into the external organic phase. 
15 The microspheres according to the present invention have numerous applications. 

The uncharged microspheres can be incorporated into cosmetic vehicles for massage or 
for skin cleansing. In this case, the genuinely protein-like character of the microspheres and 
substances having similar essential biological qualities such as corneal cells are utilized. The 
uncharged microspheres can also be used as diluents or fluidizing agents in dry pharmaceutical 
20 forms and in compositions which can be administered orally. 

The microspheres can be used for containing compounds possessing pharmaceutical, 
cosmetic or biological activity. In particular, they can serve as an excipient for drugs such as 
antiseptics, antifungal agents, antibacterial agents, anti-inflammatory agents, retinoids or 
anthranoids, cosmetic agents such as hair dyes or sunlight filters, or biologically active 
25 substances. The products can be encapsulated at the time of producing the microspheres or can 
be fixed by soaking the microspheres in a solution of the capsulated product, considering the 
ionic character of the microspheres. 

The microspheres can protect unstable drugs. They can be applied topically in the case 
of particular skin complaints such as certain dripping conditions. 
30 The microspheres loaded with drugs can also be administered systemically. 

It is also possible to include in the microsphere composition, special proteins which 
impart biological (immunological or enzymatic) properties to the spheres. 

The microspheres can be loaded with colorants and used in make-up products. 
The Examples provided below further illustrate the present invention. However, these 
35 Examples are only provided for illustrations of the present invention, and the present invention 
should not to be construed as being limited thereto. 



EXAMPLE 1 



Massage cream 



The following prescription is used for the production: 



Crosslinked albumin microspheres, 100 urn < <J> < 200 Mm 


7.00 g 


Mixture of emulsifying lanolin alcohols, waxes, and refined oils based on 
hydrocarbons, sold under the trade name of "Anhydrous Rucerin" by the company 
"BDP" 


37.00 g 


Methyl para-hydroxybenzoate 


0.07 g 


Propyl para-hydroxybenzoate 


0.08 g 


Sterile water 


55.85 g 



A relatively thick cream having a homogeneous appearance was obtained. When 
applied, the cream had a greasy texture and the microspheres were discernible on the skin and 
enhanced massaging effects. 



EXAMPLE 2 
Skin cleansing cream 



The following prescription is used for the production: 



Crosslinked albumin microspheres, cj> = 100 um 


5.00 g 


Cetyl stearyl alcohol 


5.00 g 


Polyoxyethyleneated cetyl stearyl alcohol containing 20 moles of ethylene oxide 


0.70 g 


Polyoxyethyleneated cetyl stearyl alcohol containing 12 moles of ethylene oxide 


0.30 g 


Cetyl alcohol 


1.50g 


Glycerol monostearate 


2. 00 g 


Vaseline oil 


6. 00 g 


Methyl para-hydroxybenzoate 


0.08 g 


Propyl para-hydroxybenzoate 


0.07 g 


Silicone oil 


1.00 g 


Sterile water 


77.35 g 



A smooth cream which can be used for skin care was obtained. The microspheres 
were discernible but had a soft texture because of their structure. 



